


I I Ill lllll lllll II IIII IIII IIII IIIIII II 1111111111 11111 



1995 
PRpCEEDINGS 

45th 
ELECTRONIC 

COMPONENTS & 
TECHNOLOGY 
CONFERENCE 

May 21 - May 24, 1995 
Las Vegas, Nevada 

The Electronic Components and Technology (ECTC) 
is recognized as the premier international forum for 

presenting the latest developments associated with the 
design, fabrication and use of electronic materials, devices, 

components and systems. In the previous 44 years, 
the conference has demonstrated the ability to produce 

provocative presentations and discussions concerning the 
development, manufacturing technology and reliability of a 

broad spectrum of electronic components and hybrids. 
This conference is sponsored jointly by the Components, 
Packaging and Manufacturing Technology Society of the 

IEEE and the Electronic Industries Association. 

Future dates for 
ECTC conferences are: 

1996 • May 28 - 30 
Orlando, FL 

1997 • May 17 - 22 
San Jose, CA 

1998 • May 25 - 28 
Seattle, WA 

1999 • June 1 - 4 
San Diego, CA 



Committee Members 
45th ELECTRONIC COMPONENTS AND TECHNOLOGY CONFERENCE 

May 21 - May 24, 1995 • Las Vegas, NV 

Operating Committee 
General Chairman - John Lau, Hewlett-Packard Company 

Vice-General Chairman - Rao R. Tummala, Georgia Institute of Technology 
Vice-Chairman Administration - Peter J. Walsh, Electronic Industries Association 

Program Chairman - John M. Segelken, AT&T, Interconnect SLM Center of Excellence 
Assistant Program Chairman - Jim Billigmeier, 3M Corporation 

Arrangements Chairman - Jim McMahon, Electronic Industries Association 
Finance Chairman - Bill Moody, B. Moody & Associates, Inc. 

Publications Chairman - Jim Pletcher, AMP Incorporated 
Publicity Chairman - James A. Bruorton, KEMET Electronics Corporation 
EIA Representative - Jack Driscoll, Murata Electronics North America, Inc. 

CPMT Representative - C.P. Wong, AT&T Bell Laboratories 
Past General General Chairman - C.~. Wong, AT&T Bell Laboratories 

EC4 Committee 
CPMT President - Dennis Olsen, Motorola, Inc. 

Past General Chairman, 43rd ECTC - John W. Stafford, Motorola, Inc. 
Past General Chairman, 44th ECTC - C.P. Wong, AT&T Bell Laboratories 

Program Committee 
Program Chairman - John M. Segelken, AT&T, Interconnect SLM Center of Excellence 

Assistant Program Chairman - Connie S. D'Egidio, IBM Corporation 
University Liaison - Robert T. Howard, IBM Corporation 

Larry Burton, Virginia Polytechnic Institute & ·State University 
Japan Liaison - Toshito Hara, Fujitsu Limited (Nagaro-ken, Japan) 

Europe Liaison - Ajit Nanda, 3M Electrical Laboratories (Hamburg, West Germany) 
Great Britian Liaison - James T. Lynch, Plessey Research 

China Liaison - Zhou Zhi-Gang, Tsinghua University (Beijing, China) 

COMPONENTS: ACTIVE/PASSIVE 
Chairman - Tom Reynolds, Murata Electronics 

North America, Inc. 
Assistant Chairman - Larry Mann, KEMET 

Electronics Corporation 
Amit P. Agrawal, IBM Corporation 
Larry C. Burton, Pennsylvania State University 
William Clark, IBM Corporation 
Wayne Wei-Xu Huang, Motorola, Inc. 
Kalai C. Kalaichelvan, Northern Telecom 
Noshir Khory, Motorola, Inc. 
Ramachandra Munikoti, Northern Telecom 
James Murphy, AT&T Bell Laboratories 
Dr. Koji Nihei, OKI Electric Industry Co., Ltd. 
Nick Panousis, Pacific Comm. Sciences, Inc. 
Albert Puttlitz, Consultant 
John W. Stafford, Motorola, Inc. 

CONNECTORS 
Chairman - Frank Almquist, IBM Corporatio, 
Assistant Chairman - Alan Knight, IBM 

Corporation 
Tim Adams, Brush Wellman 
Irvin Brockmann, AMP Incorporated 
Cliff Winnings, BERG Electronics, Inc. 

INTERCONNECTIONS 
Co-Chairman - Ben Cranston, AT&T Bell 

Laboratories 
Co-Chairman - Paul Totta, IBM Corporation 
James Burgess, General Electric Company 
Tom C. Chung, MCC/Tandem 
Joe Dixon, AT&T Bell Laboratories 
Corey Koehler, Motorola, Inc. 
Ted Lancaster, Hewlett-Packard Company 
Dennis Olsen, Motorola, Inc. 
Charles J. Speerscheider, Honeywell, Inc. 
Hong-Ming Tong, IBM Corporation 
Stan Wagner, Wright Patterson AFB 



Contents 
Session I. . . . Single Chip Packaging: Ball Grid Arrays (BGA's) 
Chaired by Mike McShane-Motorola, Inc. ; Les Fox-Digital Equipment Corporation 
Motorola's PowerPC 603™ and PowerPC 604™ RISC Microprocessor: 

The C4/Ceramic-Ball-Grid Array Interconnect Technology . ........ .. ... . .......... 1 
Gary B. Kromann, David Gerke and Wayne Huang-Motorola, Inc. 

High 1/0 Plastic Ball Grid Array Packages-AT&T Microelectronics Experience . .. . .. . . . 10 
C. Cohn, R. M. Richman, L. S. Saxena and M. T. Shih-AT&T Bell Laboratories 

A Comparison of a Single Tier and Double Tier Enhanced PBGA Package Design . . . . . . . . 21 
Karla Carichner-LSI Logic Corporation 

Thermal Sensitivity Analysis for the 119 PBGA-A Framework for Rapid Prototyping . . . . . 28 
Shailesh Mulgaonker and Howard M. Berg-Motorola, Inc. 

Hole Grid Array (HGA)-A New Tape Carrier Package with High Count 1/0 . . . ... . ..... 38 
Shin-ichi Hasegawa, Takayuki Suyama, Yuzo Shimada, Kouetu Tamura and 
Yoshimasa Tanaka-NEC Corporation • 

A Low-Cost Metal Ball Grid Array for Flip Chip Die . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
James W. Wilson, Scott P. Moore and Eric H. Laine-IBM Corporation 

Ceramic Mini-Ball Grid Array Package for High Speed Device . . . ...... . ..... .. . . ... 46 
Raj N. Master, R. Jackson and S. K. Ray-IBM Corporation 

Session II . . . . . . . . . . . . . . . . . . . . . . . . . Component Processing 
Chaired by Tom Reynolds-Murata Electronics N.A., Inc.; Larry Mann-
KEMET Electronics Corp. 
Ion Implantation Issues in Microelectronic Device Manufacturing . ... .. . ..... .. . .. . . 51 

Karanam Bala and Badih El-Kareh-IBM Corporation; Joachim Hoepfner-Siemens AG 
Yield Management in Microlectronic Manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 

B. El-Kareh, A. Ghatalia and A.V. S. Satya-IBM Corporation 
Noise Characterization and Sensitivity Analysis of IC Packages .......... .. ......... 64 

Tai-Yu Chou, P. Chakrabarti and S. Pratapneni-LSI Logic Corporation 
Bottom-Side Wave Solder Process Compatibility for 14 & 16-Pin Gull Wing SOICs ....... 70 

C. M. Yang and R. L. Shook-AT&T Bell Laboratories 
Development of Molding Compounds for BGA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 

K. Oota and K. Shigeno-Sumitomo Bakelite Co., Ltd. 

Session III ....... Wire and Conductive Polymer Interconnect 
Chaired by Stan Wagner-Wright Patterson AFB; Joe Dixon-AT&T Bell Laboratories 
Gold Wire Bonding onto Flexible Polymeric Substrates . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 

Elizabeth Hall, Alan M. Lyons and John D. Weld-AT9l,T Bell Laboratories 
Fine Pitch Wire Bonding Development Using Statistical Design of Experiment .... .. . . .. 91 

William K. Shu-VLSI Technology, Inc. 
Heavy Aluminum Wire Bonding-A State of the Art Assessment . . . . . . . . . . . . . . . . . . . . 102 

Charles Williams and Luis Trejo-Texas Instruments, Inc. 
A New Approach to Using Anisotropically Conductive Adhesives for Flip Chip Assembly .. 107 

Alan M. Lyons, Elizabeth E. Hall, Yiu-Huen Wong and Gregory Adams-
AT&T Bell Laboratories 



Session III . . . . ........ Wire and Conductive Polymer Interconnect ( continued) 
Reliability and Failure Mechanism of Isotropically Conductive Adhesives Joints . . . . . . . . 114 

Li Li and J. E. Morris-State University of New York at Binghamton; Johan Liu, 
Zonghe Lai, Lars Ljungkrona and Changhai Li-Chalmers University of Technology 

Fine .Pitch COG Interconnections Using Anisotropically Conductive Adhesives .. . .... . . 121 
Chang Hoon Lee-Samsung Display J.J)evices, Ltd.; Karl I. Loh-Zymet, Inc. 

A Novel Elastomeric Connector for Packaging Interconnections, 
Testing and Burn-in Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 

D.-Y. Shih, B. Beaman, P. Lauro, K. Fogel, M. Norcott, G. F. Walker, J. Hedrick, 
L. Shi, F. Doany and J. Shaw-IBM Corporation 

Session IV. . . . . . . . . . . . . . . . . High Density/ High Performance 
E & 0 Connectors 

Chaired by Frank Almquist-IBM Corporation; Alan Knight-IBM Corporation 
A New Contact/Connector Design for High-Density, High-Performance Connectors . .... . 134 

Kim Wright, Richard Rothenberger and Robert Mroczkowski-AMP Incorporated 
A High Density Edge Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140 

J. Campbell, J. Holton and A. Knight-IBM Corporation 
Field-Based Analysis of a High Pincount Board Connector . .. ... . .............. . .. 144 

H. Wolter, 0 . Podebrad and T. Weiland-Technische Hochschule Dannstadt; 
M. Katzier-Siemeni AG 

SPICE-Models for High Pincount Board Connectors .......... . ....... . . . . . . .. .. 150 
H . Katzier, R. Reischl and Peter Pagnin-Siemens AG 

Modern Connector Design Tools Assure High Speed Signal Integrity. . . . . . . . . . . . . . . . . 154 
Gerard Geurts, Ate Wiekamp and Eric VanderHeyden-AMP European 
Development Centre 

18 Fiber Cylindrical Cable Connector (FLASH Contract) .. .. .. . ... . ....... . .... . . 161 
Christopher A. Roe-Berg Electronics 

Session V .............. • . . . . Photonic Packaging Techniques 
Chaired by Mitch Cohen-IBM Corporation ; Hisashi Tomimuro-NIT 
Polymer Molded Lenses for Optoelectronics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170 

A. J. Heiney, C.-L. Jiang and W. H. Reysen-AMP Incoporated 
Flat Panel Display Packaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 

William Turner and Gregory Lin-Xerox Corporation 
The Evolution of Easily Installed Fiber Optic Connectors . . . . . . . . . . . . . . . . . . . . . . . . . 182 

Nicholas Lee and Gordon Henson-3M Fiber Optics Laboratory; Joseph Paparella-
3M Telecom Systems Division 

Optoelectronic Packaging and Polymer Waveguides for Multichip Module 
and Board-Level Optical Interconnect Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 
Y. S. Liu, H. S. Cole, R. Guida, T. Sitnik and E . W. Balch-GE Corporate Research and 
Development Center; J. Bristow, Yue Liu and T. Marta-Honeywell Technology Center 

Single-Mode Optical Waveguide Using Siloxane Polymer on Cu-Polyimide Substrate . . .. . 189 
Shigeo Tanahashi, Katuhiro Kaneko and Masami Terasawa-Kyocera Corporation 

Direct-Bonding and Flip-Chip Bonding Technologies Applied to Si/PLZT 
Spatial Light Modulator Fabrication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 
M. S. Jin, J. H . Wang, D. T. Lu, V. Ozguz and S. H. Lee-University of California 



Session VI . . . . . . . . . . . . . . Advances in Single Chip Packaging 
Chaired by Rick Sigliano-Kyocera America, Inc.; Masood Murtuza-Texas Instruments, Inc. 
Thermal Solutions to Pentium® Processors in TCP in Notebooks and Sub-Notebooks . .... 201 

H. Xie, M. Aghazadeh, W. Lui and K. Haley-Intel Corporation 
E-TQHS: An Enhanced Performance Tape Carrier Package . ..................... . 211 

Pochang Hsu and Kurt R. Raab-LS/ Logic Corporation 
Simple-Structure, Generally Applicable Chip-Scale Package . . . . . . . . . . . . . . . . . . . . . . . 218 

Shuichi Matsuda, Keiichiro Kata and Eiji Hagimoto-NEC Corporation 
Ultra-Thin and Crack-Free Bottom Leaded Plastic (BLP) Package Design . .. .......... 224 

Ki-Bon Cha, Young-Gon Kim, Teck-Kyu Kang, Dae-Soon Kang and 
Sung-Dae Baek-LG Semicon (GoldStar) Package R & D Center 

Package Warpage Evaluation for High Performance PQFP. . . . . . . . . . . . . . . . . . . . . . . . 229 
Laurene Yip and Ahmad Hamzehdoost-VLSJ Technology, Inc. 

Session VII . . . . . . . . . Component Performance Enhancements 
Chaired by Albert P. Puttlitz-Consultant; William Clark-IBM Corporation 
High Frequency Performance of Multilayer Ceramic Capacitors . . . . . . . . . . . . . . . . . . . . 234 

Yukio Sakabe, Masami Hayashi and Takefumi Ozaki-Murata Manufacturing Co., Ltd.; 
James P. Canner-Murata Electronics North America, Inc. 

Design of High Power SAW Filter by Series-Parallel Connection . . . . . . . . . . . . . . . . . . . 241 
Ou Hok Huor and Nobuyoshi Sakamoto-OKI Electric Industry Co., Ltd. 

Advanced Multi-Layer Ceramic Surface-Mount Functional Components for 
Telecommunications Equipment . ...... . .... . .. . .......................... 247 
H. Mandai, T. Tsuru and N. Nakajima-. Murata Manufacturing Co., Ltd. 

Electrical Modeling of CBGA Packages ... . .. . . . ...... . ....... . ....... .. . . . .. 251 
Benjamin Beker and George Cokkinides-University of South Carolina; Amit P. 
Agrawal-IBM Corporation 

Characterization of 6H-SiC JFETs for Use in a Temperature Monitor Operating 
from 25°C to 350°C . ................. . .... . . . ..... . ...... . .. . .......... 255 
J.B. Casady, R. W. Johnson and W. C. Dillard-Auburn University 

Fabrication Procedures and Characterization of 6H-SiC MESFETs 
for Use in High Temperature Electronics . . ........................... . ... . .. 261 
J.B. Casady, E. D. Luckowski, R. W. Johnson and J. R. Williams-Auburn University; 
J. Crofton-Murray State University 

' Session VIII. . . . . . . . . . . . . . . . . Reliability: Design and Testing 
Chaired by Harry K. Charles, Jr.-The Johns Hopkins University; Ephraim Suhir-
AT&T Bell Laboratories 
Predicted Failure Criterion (von-Mises Stress) for Moisture-Sensitive Plastic Packages . . . 266 

Ephraim Suhir-AT&T Bell Laboratories 
The Effect of Internal Package Delaminations on the Thermal Performance of PQFP, 
Thermally Enhanced PQFP, LOC, and BGA Packages ... _ .. .................. . . ·. 285 

Darvin Edwards, Bill Stearns, and Mary Helmick-Texas Instruments, Inc. 
Die Cracking in Flip-Chip-on-Board Assemby ...... . ....... . .................. 293 

Kai X. Hu, Chao-pin Yeh, Bob Doot, Andrew F. Skipor and Karl W. Wyatt-
Motorola, Irie. 



Session VIII . ..................... Reliability: Design and Testing ( continued) 
Liquid Encapsulant Stress Variations as Measured with the ATC04 Assembly Test Chip .. 300 

James N. Sweet, David W. Peterson, John A. Emerson, Robert T. Mitchell-
Sandia National Laboratories 

Experience with Nondestructive Acoustic Inspection of Power I C's .................. 305 
T. M. Moore and K. A. Frank-Texds Instruments, Inc. 

Leak Rate Measurement Comparisons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315 
Bruce M. Romenesko-The Johns Hopkins University; Kevin J. Ely-
ITT Microelectronics Center 

Reliability Considerations of Laser Diodes for Optical Communication 
System Application . ................................................... 318 
Nam Hwang, Min-Kyu Song, Seung-Goo Kang, Hee-Tae Lee, Kyung-Hyun Park, 
Dong-Hoon Jang, Seong-Su Park, Hak-Soo Han, Dong-Goo Kim and 
Hyung-Moo Park-Electronics and Telecommunications Research Institute (ETRI) 

Session IX. . . . . . . . . . . . . . Electrical Modeling and Simulation 
Chaired by Toshio Sudo-Toshiba Corporation; Michael Lamson-Texas Instruments, Inc. 
Modeling and Simulation of Switching Noise with the Associated Package Resonance 
for High Speed Digital Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323 

Jyh-Ming Jong and Vijai K. Tripathi-Oregon State University; 
Bozidar J anko-Tek_tronix, Inc. 

A Novel Method of Measuring Microelectronic Interconnect Transmission Line Parameters 
and Discontinuity Equivalent Electrical Parameters Using Multiple Reflections . ....... 329 

Charles E. Abernethy, Andreas C. Cangellaris and John L. Prince-University of Arizona 
Sub-Nanohenry Inductance Measurement Using a Zero-Parasitic-Inductance 
Probe System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337 
Tatsuya Nagata, Hiroya Shimizu, Atsushi Nakamura and Hideshi Fukumoto­
Hitachi, Ltd. 

Microwave Characterization of Flip-Chip MMIC Components . . . . . . . . . . . . . . . . . . . . . 343 
R. B. Marks and J. A. Jargon-National Institute of Standards and Technology; 
C. K. Pao and C. P. Wen-Hughes Aircraft Company 

A Simultaneous Switching Noise Design Algorithm for Leadframe Packages 
with or without Ground Plane . ........................... . • ............... 351 

Chender Huang, Yaochao Yang and John L. Prince-University of Arizona 
Simulation and Modeling of Mode Conversion at Vias in Multilayer Interconnections . . . . 361 

Haw-Jyh Liaw and Henri Merkelo-University of Illinois 

Session X . . . . . . . . . . . . . . . . . . . VCSEL: Modules & Packaging 
Chaired by Robert Boudreau-AMP Incorporated; Paul Haugsjaa-GTE Laboratories, Inc. 
POLO-Parallel Optical Links for Gigabyte Data Communications .................. 368 

Kenneth H. Hahn- Hewlett-Packard Company 
A Low Cost, High Performance Optical Interconnect .. . ..... . .................. . 376 

Daniel B. Schwartz, Christopher K. Y. Chun, Barbara M. Foley, Davis H. Hartman, 
Michael Lebby, H. C. Lee and Chan Long Shieh- Motorola, Inc. 

Low-Power, Parallel Photonic Interconnections for Multi-Chip Module Applications . .... 380 
R. F. Carson, M. L. Lovejoy, K. L. Lear, M. E. Warren, 0. Blum, S. P. Kilcoyne, T. Du, 
P. K. Seigal, D. C. Craft and B. H. Rose-Sandia National Laboratories 



Session X ........................ VCSEL: Modules & Packaging ( continued) 
Thermal Management ofVCSEL-Based Optoelectronic Modules ................... 387 

Y. C. Lee-University of Colorado; S. E. Swirhun, W. S. Fu, T. A. Keyser, J. L. Jewell 
and W. E. Quinn-VIXEL Corporation 

Thermosonic Flip-Chip Bonding for an 8 x 8 VCSEL Array. . . . . . . . . . . . . . . . . . . . . . . . 393 
Tim McLaren, Sa Yoon Kang, Wenge Zhang, Diana Hellman, Teh-Hua Ju 
and Y. C. Lee-University of Colorado 

High Performance Vertical-Cavity Surface-Emitting Laser Diodes with a Au-Plated 
Heat Spreading Layer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401 
T. Wipiejewski, D. B. Young, M. G. Peters, B. J. Thibeault and 
L. A. Coldren-University of California 

Compatibility of Conventional Ferrule with Step-Ferrule for Angled Convex 
Optical Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406 

Mitsuo Takahashi-Seikoh Giken Co., Ltd. 

Session XI . . . . . . . . . . . . . . . . . . . . . Novel Photonic Packaging I 
Chaired by Laurence Watkins-AT&T Bell Laboratorit:s; Michael Lebby-Motorola, Inc. 
Predicted Curvatures and Stresses in a Fiber-Optic Interconnect Subjected to Bending . . . 413 

E. Suhir-AT&T Bell Laboratories 
Self-Holding Optical Waveguide Switch Controlled by Micromechanisms ............. 418 

Mitsuhiro Makihara, Fusao Shimokawa and Y asuhide Nishida-NTT Interdisciplinary 
Research Laboratories 

Bonding of Epitaxial Lift Off (ELO) Devices with AuSn .......................... 423 
G. R. Dohle, J. J. Callahan, K. P. Martin and T. J. Drabik-
Georgia Institute of Technology 

A Reliable Die Attach Method for High Power Semiconductor Lasers 
and Optical Amplifiers ...................... ... ...... . ................. 428 

S. A. Merritt, P. J. S. Heim, S. Cho and M. Dagenais-University of Maryland 
Determining Waveguide Coupling Efficiency by Observing Reflected Light 
from the End Face . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431 

Regis Fan, Nuri Delen and Brian Hooker-University of Colorado 

Session XII . . . . . Package Moisture Sensitivity & Die Cracking 
Chaired by Robert T. Howard-Consultant; Dave Bushmire-Sandia National Laboratories 
Reliability and Moisture Sensitivity Evaluation of 225-pin, 2 Layered Overmolded (OMPAC) 

Ball Grid Array Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434 
Bella Poborets, Qazi S. M. Ilyas, Mark Potter and John Argyle-AT&T Bell Laboratories 

Diffusion Model to Derate Moisture Sensitive Surface Mount ICs 
for Factory·use Conditions .............................................. 440 

Richard L. Shook, Timothy R. Conrad, V. Srirama Sastry and David B. Steele-
AT&T Bell Laboratories 

Level 1 Crackfree Plastic Packaging Technology. . . . . .' . . . . . . . . . . . . .......... . .. .- 450 
Gans S. Ganesan, Gary Lewis, Alan Woosley, Wayne Lindsay and Howard 
Berg-Motorola, Inc. 

Passivation Cracking Mechanism in High Density Memory Devices Assembled in SOJ 
Packages Adopting LOC Die Attach Technique. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 
Seong-Min Lee, Jin-Hyuk Lee, Se-Yong Oh and Ho-Kyoon Chung-
Samsung Electronics Co., Ltd. 



Session XII .......... Package Moisture Sensitivity & Die Cracking ( continued) 
Investigation on the Effect of Copper Leadframe Oxidation on Package Delamination . . . . 463 

Chai Tai Chong, Alan Leslie and Lim Thaim Beng-Institute of Microelectronics; 
Charles Lee-Siemens Components Pte Ltd. 

S-Pad Implementation; Total Plastic P~ckage Crack Solution for Non-Moisture 
Sensitive Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 70 
Norito Umehara, Shigeji Inomata, Yoshikatsu Umeda, Masanobu Naeshiro 
and Kunio Sakamoto-Texas Instruments Japan Limited 

A New Criterion for Package Integrity Under Solder Reflow Conditions . .............. 478 
L. T. Nguyen, K. L. Chen and J. Schaefer-National Semiconductor Corporation; 
A. Y. Kuo-Structural Integrity Associates Inc.; G. Slenski-Wright Patterson Lab 

'-

Session XIII ............. Fine Line MCM's and Applications 
Chaired by Joseph W. Soucy-GTE Government Systems; John Menaugh-
E. I. duPont de Nemours Co., Inc. 
Rapid Prototyping MCMs with MCM-CF Technology . ... . .... . .......... . . . .... . 491 

Harry Kellzi-Teledyne Electronic Technologies 
MCM Design and Implementation Rapid Prototyping . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 

A. Tweehuysen-Delstar 
An Optimal Implementation of a Superscalar Architecture . . . . . . . . . . . . . . . . . . . . . . . . 499 

D. L. Andrews- University of Arkansas 
Design Tools for Mixed Analog, Digital and RF MCMs for Wireless 
Telecommunication Applications. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505 

Ravender Goyal-Mentor Graphics Corporation 
Interconnect Technologies for the 90's . .... . .... . ..... . .. .. ... . ............ . . 510 

V. K. Nagesh-Hewlett-Packard Company 
Characteristics and Potential Application of Polyimide-Core-Bump to Flip Chip .... . ... 515 

Takashi Nishimori, Hiroshi Yanagihara, Keiji Murayama, Yasunori Kama and 
Misa Nakamura-Tanaka Kikinzoku_ Kogyo K.K. 

Session XIV. . . . . . . . . . . . . . Materials: Emerging Technologies 
Chaired by Rajen Chanchani-Sandia National Laboratories; Edwin Culbertson-Hoechst 
Celanese 
A New Laminate Material for High Performance PCBs: 

Liquid Crystal Polymer Copper Clad Films . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 520 
Edwin C. Culbertson-Hoechst Celanese Corporation 

Repairability of Underfill Encapsulated Flip-Chip Packages . .......... . ....... . .. . 524 
Darb ha Suryanarayana- Motorola, Inc.; Jack A. Varcoe and James V. Ellerson-
/BM Corporation 

Area Bonding Conductive (ABC) Adhesives for Flex Circuit Connection 
to LTCC/MCM Substrates ....... . ... . ......................... .. .... .. . 529 
Justin C. Bolger and Mark Reynolds-Merix Corporation; Jeff Popielarczyk-
Harris Corporation 

Autocatalytic Gold Plating Process for Electronic Packaging Applications . . . . . . . . . . . . . 534 
John G. Gaudiello- JBM Corporation 

Copper-Diamond Composite Substrates for Electronic Components . .. . . . . ..... . ... . 538 
Howard L. Davidson- Sun Microsystems; Nicholas J. Colella, John A. Kerns 
and Daniel Makowiecki- Lawrence Livemore National Laboratory 



Session XIV .... . . . ... . ... . . .. . Materials: Emerging Technologies ( continued) 
CUV AR®-A New Controlled Expansion, High Conductivity Material 
for Electronic Thermal Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 542 
Sunil ]ha-Texas Instruments, Inc. 

Session XV . . . . . . . . . . . . . . . . . . Parallel Optical Interconnects 
Chaired by Michael Lebby-Motorola, Inc.; Steve Joiner-Hewlett-Packard Cc,mpany 
Optolectronics for Large Scale Optical Backplanes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 548 

Gary J. Grimes, G. L. Sonnier, C. J. Sherman, W. K. Honea and J. S. Helton­
A T & T Bell Laboratories 

Skew-Free Parallel Optical Links and their Array Technology. . . . . . . . . . . . . . . . . . . . . . 552 
M. Yano, G. Nakagawa and N. Fujimoto-Fujitsu Laboratories Ltd. 

ARPA Analog Optoelectronic Module Program: Packaging Challenges for Analog 
Optoelectronic Arrays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 565 
H.P. Hsu, D. Yap, W. Ng and H. W. Yen-Hughes Research Laboratories; C. Armiento, 
M. Tabasky, J. Mehr, A. Negri and P. Haugsjaa-GTE Laboratories Incorporated 

Silicon Motherboards for Multichannel Optical Modules . . . . . . . . . . . . . . . . . . . . . . . . . 570 
A. Ambrosy, H. Richter, J. Rehmann and D. Ferling-A lcatel CRC 

Optical Coupling and Alignment Tolerances in Optoelectronic Array 
Interface Assemblies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 577 
J. Sutherland, G. George and J.P. Krusius-Comell University 

32 Fiber MACH™ Optical Interconnect for the Optoelectronic Technology Consortium . . . 584 
Troy P. Million-Berg Electronics, Inc. 

Session XVI . . . . . . . . . . . . . . . . Packaging Design/ Architecture 
Chaired by Peter Krusius-Comell University; George Katopis-/BM Corporation 
Performance Modeling of the Intercon~ect Structure of a 3-Dimensionally Integrated 

RISC-Processor/ Cache-System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 592 
Stefan A. Kuhn, Michael B. Kleiner-Siemens AG; Werner Weber-
Institute for Integrated Circuits 

Electrical Packaging Requirements of CMOS ULSI Devices, and Fundamental Electrical 
Performance Limits of Single Chip Packages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 
Yenting Wen, Ramesh Senthinathan, Wendy Valentine and 
Mali Mahalingam-Motorola, Inc. 

Tiled Silicon: A Packaging Alternative to Large Silicon Chips . . . . . . . . . . . . . . . . . . . . . . 608 
G. George and J. P. Krusius-Comell University; R. Granitz-AMP Incopor,_ated 

Software Support for Packaging Design of Wireless Equipment 
(SPEC-A Simulator for RF Active, Passive Devices, and Interconnections) . .. .. . ... . . 614 
Krzysztof W. Jagiello- University of Arizona 

Package Design Advisor-Mechanical, Electrical & Thermal Analysis in One CAD Tool. . .. 618 
G. Choksi, L. Immaneni, R. Karunakaran, Y. C. Lin, D. Stys and M. Wyllie-
Intel Corporation 

Scaling Tradeoffs for CMOS-Based VLSI Packaging 1 ... . . . .. . . . ..... ... . . . .... • .. 621 
Yaochao Yang and John R. Brews-University of Arizona 



Session XVII ....... 8D MCM/High Density Interconnections 
Chaired by Paul Van Loan-Hewlett-Packard Company; Sudipta Ray-IBM Corporation 
Development of High Density Memory IC Package by Stacking IC Chips. . . . . . . . . . . . . . 634 

Hiroyuki Nakanishi, Tomoyo Maruyama, Koji Miyata, Toshiya Ishio, Yoshiki Sota, 
Atsuya Narai, Satoru Fukunaga, Kenji Toyosawa, Kazuya Fujita and Morihiro 
Kada-Sharp Coproration 

High Perfomance 3D MCM Using Silicon Microtechnologies ...................... 641 
Claude G. Massit and Gerard C. Nicolas-LETI/CEA CENG 

Performance Improvement of the Memory Hierarchy of RISC-Systems 
by Application of 3-D-Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 645 

Michael B. Kleiner and Stefan A. Kuhn-Siemens AG; Werner Weber-
Institute for Integrated Circuits 

Performance and Reliability of a Three-Dimensional Plastic Moulded Vertical Multichip 
Module (MCM-V) . .... .. .. .. .. .. .. . ................. . ...... . .......... 656 
J. Barrett, C. Cahill, T. Compagno, Martin O'Flaherty, T. Hayes, W. Lawton, 
J. O'Donavan, C. O 'Mathuna, G. McCarthy, 0. Slattery and F. Waldron-
National Microelectronics Research Centre; A. Coella Vera, M. Masgrangeas 
and P. Pipard-Alcatel Espace; C. Val and I. Serthelon-Thompson CSF/DOI 

Development of GE's Plastic Thin-Zero Outline Package (TZOP) Technology . . . . . . . . . . 664 
G. A. Forman, R. A. Fillion, R. F. Kole, R. J. Wojnarowski, and J. W. Rose-
GE Corporate Research and Development 

Performance of TI High Density Interconnect for 1GHz Digital MCM Applications . . .... 669 
Jeffery J. Kacines-Texas Instruments, Inc.; Tim M. Schaefer and Barry K. 
Gilbert-Mayo Foundation 

Assembly of a Prototype Flip-Chip-On-Glass Liquid Crystal Display . . . . ...... . . .... . 674 
Fei-Jain Wu-Micro Robotics Systems, Inc.; Chang Hoon Lee-Samsung Display Devices; 
Karl Loh-Zymet Inc. 

Session XVIII. . . . . . . . . . . Adhesion Technology and Materials 
Chaired by Wayne J. Howell-IBM Corporation; James E . Morris-State University of New York 
Polycyanate Die-Attach Adhesives for Microelectronic Applications . . . . . . . . . . . . . . . . . 682 

My N. Nguyen, Irving Y. Chien, Michael B. Grosse, Michael M. Chau 
and D. Arthur Burkhart- Johnson Matthey Electronics 

Multi Layer Film Adhesive for IC Packaging Applications . . . . . . . . . . . . . . . . . . . . . . . . 688 
Kazuhiro Ikemura, Yuzo Akada, Satoshi Ito and Minoru Sano-Nitto Denko 
Corporation; Tsutomu Nishioka-Nitto Denko America Inc. 

Dynamic Mechanical Analysis of Silver/ Glass Die Attach Material . . . . . . . . . . . . . . . . . . 692 
Trirat Hongsmatip-Digital Equipment Corporation; Benjamin Twombly-The Perkin 
Elmer Corporation 

Dependance of Electric Conduction on Film Thickness of Conductive Adhesives . . . . . . . . 701 
Yong Wei and Erol Sancaktar-Clarkson University 

Interfacial Adhesion of Fluoropolymer Composites to Commercial Copper Foils 
Subjected to Aqueous Photolithographic Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 707 

L. J. Matienzo and L. J. Jimarez-IBM Corporation 
The Effect of Adhesive Surface Chemistry and Morphology on Package Cracking 

in Tapeless Lead-On-Chip (LOC) Packages . . . ... . ........................... 719 
Masazumi Amagai- Texas Instruments Japan 



Session XVIII ........... . . . .. Adhesion Technology and Materials ( continued) 
Polyimide Stress Cushion for Multichip Glass-Ceramic Module Packaging . . . . . . . . . . . . 728 

D.-Y. Shih, P. Palmateer, Y. Fu, S. Kapur, B. Ghosal, P. Lauro, M. Norcott 
and P. Brofman-IBM Corporation 

Session XIX . . . . . . . Optical Amplifiers and Hybrid Packaging 
Chaired by V enkata A. Bhagavatula-Coming, Inc.; Frank DiMarcello-AT & T Bell Laboratories 
Challenges in the Design and Packaging of Optical Amplifiers for Multiwavelength 
Lightwave Communication Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 739 

R. E. Tench, J. A. Nagel and J.-M. P. Delavaux-AT&T Bell Laboratories 
Packaged High Gain Unidirectional 1300 nm MQW Laser Amplifiers . . .. . ...... . .. . . 751 

L. F. Tiemeijer and C. M. Groeneveld-Philips Optoelectronics Centre 
A Surface Mount Type Single-Mode Laser Module Using Passive Alignment .. . . .. ..... 759 

Kazuhiko Kura ta, Kenji Yamauchi, Atsuhiro Kawatani, Hideki Tanaka, Hiroshi 
Honmou and Shigeta Ishikawa-NEC Corporation 

Laser Diode Arrray Package for Coupling to Optical Polyimide Waveguides 
in Optoelectronic Multichip Modules. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 766 
Shinji Koike, Shinsuke Matsui and Hideyuki Takahara-NTT Interdisciplinary Research 
Laboratories 

Optical MCM Interconnect Using Hybrid Integration of GaAs Optolectronics 
with a Glass Signal Routing Layer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 770 

Elizabeth J. Twyford, Junfu Chen, Nan Marie Jokerst and Nile F. Hartman-
Georgia Institute of Technology 

Packaging Technology for Wide Bandwidth, High Optical Coupling Pigtailed 
Optoelectronic Modules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 777 
N. Kalonji, J. Semo, J. Tanniou and M. Foucher-France Telecom • 

A Micro-Machined Approach to Optical Interconnect . ........... . ............... 780 
David A. Winick, W. Michael Teague and Paul D. Franzon-North Carolina State 
University 

Poster Presentations 
Chaired by Steve Bezuk-Unisys; Matt Schwiebert-Hewlett-Packard Company 
Electrical Characteristics of Metal-AliOrSi Structure Deposited by ICBE Technique 
for Application of Semiconductor Device Fabrication . . . . . . . . . . . . . . . . . . . . . . . . . . . 786 
Man Y. Sung, Y. C. Kim and B. M. Moon- Korea University; K. V. Rao-Royq._/ Institute 
of Technology; Dong H. Rhie-University of Suwon 

Improved Yield and Performance of Ball-Grid Array Packages: Design and Processing 
Guidelines for Uniform and Non-Uniform Arrays . ..... . ... . ...... . ...... . .... . 793 
S. M. Heinrich, S. Shakya and Y. Wang-Marquette University; P. S. Lee-Allen-Bradley 
Company, Inc.; S. A. Schroeder- Rockwell International Corporation 

Poling Effects on Lead Zirconate Titanate Piezoelectric Ceramics . . . . . . . . . . . . . . . . . . . 804 
Shidong Cai and Yulong Xu-Xidian University; C. E. Millar and L. . 
Pederson- FerropermA/M; 0. Toft S¢rensen-Ris¢ National Laboratory 

Extrusion and Properties of Lead Zirconate Titanate Piezoelectric Ceramics . . . . . . . . . . . 807 
Shidong Cai and Yulong Xu-Xidan University; C. E. Millar and L. 
Pedersen-Ferroperm A IS; 0. Toft S0rensen-Ris¢ National Laboratory 

Package Plane Model Validation Using Test Chip, Test Package, and Test Board . .. .. .. . 810 
J. C. Liao and Ed Gam~s-lntel Corporation 



Poster Presentations ( continued) 
Effects of Dopants and Ti/ Sr Ratio on the Properties of SrTiO3 Electroceramic 
Components . ........................................................ 815 
Quanxi Cao, Shidong Cai, Xiaohua Zhou and Suyan Niu-Xidian University 

Effects of Bond Temperature and Pressute on Microstructures of Tape Automated 
Bonding (TAB) Inner Lead Bonds (ILB) with Thin Tape Metallization .............. 819 
J. K. L. Lai and M. C. Loo-City University of Hong Kong; K. Y. Cheng-Motorola 
Semiconductors Hong Kong Ltd. 

Relationship of Adhesion, Delamination, Preconditioning and Preplating Effects 
at the Plastic to Leadframe Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 827 
Charles S. Bischof-Dexter Electronic Materials 

Reliability Testing of Solder Joints in Surface Mounted Assembly Using Real-Time 
Holographic Interferometry . ............ • ................................. 835 

W. N. Wang and K. M. Leung-City University of Hong Kong 
Optical Device Module Packages for Subscriber Incorporating Passive 
Alignment Techniques . ................................................. 841 

Sang-Hwan Lee, Gwan-Chong Joo, Ki-Sung Park, Hong-Man Kim, Dong-Goo Kim and 
Hyung-Moo Park-Electronics and Telecommunications Research Institute (ETRI) 

Performance Enhancements in EDQUAD Plastic Packages . . . . . . . . . . . . . . . . . . . . . . . 845 
Marcos Karnezos, N. Chidambaram (Raj) and Martin Goetz-ASA T, Inc.; S. C. Chang, 
S. H. Ahn, Chu Ming Tak and Pinky Reyes-ASAT Ltd. 

A New Bonding Mechanism of 50 µ,m Pitch TAB-ILB with 0.25 µ,m Sn Plated Cu Lead . ... 851 
Eiichi Hosomi, Chiaki Takubo, Hiroshi Tazawa, Yoichi Hiruta and Toshio 
Sudo-Toshiba Corporation; Koji Shibasaki-Toshiba Microelectronics Corporation 

Electrical Characterization and Modeling of Simultaneous Switching Noise 
for Leadframe Packages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 857 
Masayuki Miura, Naohiko Hirano, Yoichi Hiruta and Toshio Sudo-Toshiba 
Corporation 

Thermal Enhancement of Flip-Chip Packages with Radial-Finger-Contact Spring . ...... 865 
H. Shaukatullah, Bernt J. Hansen, Wayne R. Storr and Frank E. Andros-IBM 
Corporation • 

Application of the Flip-Chip Bonding Technique to the 10 Gbps Laser Diode Module. . . . . 872 
Dong Goo Kim, Seong Su Park, Gwanchong Joo, Min-Kyu Song, Nam Hwang, 
Seung-GooKang, Hee-Tae Lee and Hyung-Moo Park-Electronics and 
Telecommunications Research Institute; Haksoo Han-Yonsei University 

Evaluation of a Thermal Design Tool for Electronics-A Three Chip MCM 
as a Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 876 
Shri Sridhar-Fluid Dynamics International 

Nonlinear Transient Thermal Analysis Using Circuit Simulation Techniques .......... 879 
V. Phanilatha, Da-Guang Liu, Michel S. Nakhla and Qi-Jun Zhang-Carleton University 

Adhesion Test Standardization for Multichip Module Packages . . . . . . . . . . . . . . . . . . . . 884 
D.-Y. Shih, J. Kim, P. Buchwalter, P. Lauro, H. Clearfield, K-W. Lee, J. Paraszczak, 
S. Purushothaman, A. Viehbeck, S. Karnath, C. Lund, H. M. Tong, M. Anschel 
and R. Lacombe-IBM Corporation 

High Temperature Applications for IC Plastic Encapsulated Packages . . . . . . . . . . . . . . . 889 
Andrea S. Chen and Randy H. Y. Lo-National Semiconductor Corporation 

Time-Domain Interconnect Model Generation of Alloy-42 Leadframes 
Rolando J. Osorio-Motorola, Inc. 

894 



Poster Presentations ( continued) 
Aluminum Electromigration of 1-mil Bond Wire in Octal Inverter Integrated Circuits .... 900 

P. K. Tse-AT&T-GSLM-SSTC; T. M. Lach-AT&T Bell Laboratories 
The Use of Heat Pipes In the Cooling of Portables with High Power Packages .......... 906 

H. Xie and M. Aghazadeh- Intel Corporation; J. Toth-Thermacore Inc. 
Failure Mechanism of Hole Formation in Laser Welding Technique for Optoelectronic 

Packaging ................ . ... . ................. . ............... . ... 914 
W. H. Cheng, W. H. Wang and Y. M. Huang-National Sun Yat-Sen University; 
H. Y. Chen and H. H. Lin-Opto-Electronics & System Laboratories 

A Case Study of High Pin Count Area Array Ceramic Package Crack ... ... . . .. . . .... 917 
Farshad Ghahghahi and Tom C. Chung-Tandem Computers, Inc. 

Craze and Instability of Polyimide Thin Films and Its Effects 
on High Density Interconnects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 922 
Sean X. Wu, Chao-Pin Yeh and Karl Wyatt-Motorola, Inc.; Michael Pecht-University 
of Maryland 

Ceramic Column Grid Array for Flip Chip Applications . . . . . . . . . . . . . . . . . . . . . . . . . . 925 
Raj N. Master, Marie S. Cole and Greg B. Martin-. IBM Corporation; Alain 
Caron-IBM Canada 

Linear Finite Element Stress Simulation of Solder Joints on 2251/0 Plastic 
BGA Package Under Thermal Cycling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 930 
Tony H. Ho, Jung Yu Lee, Rong Sheng Lee and Albert W. Lin-Industrial Technology 
Research Institute 

Fiber Optics Structural Mechanics ................. . ....................... 937 
E. Suhir-AT & T Bell Laboratories 

High Performance GaAs/ AIGaAs Vertical-Cavity Surface-Emitting Lasers Designed 
for Cryogenic Applications .... . ... . ....... . ..... . .... ; ............ . ..... 949 
Bo Lu, Wen-Lin Luo and Julian Cheng-University of New Mexico; R. P. Schneider, 
S. P. Kilcoyne, K. L. Lear and J.C. Zolper-Sandia National Laboratories 

Temperature and Stress Time History Responses in Electronic Packaging . . . . . . . . . . . . . 952 
John H. Lau- Hewlett-Packard Company 

A PC Program That Generates a Model of the Parasitics for BGA Packages. . . . . . . . . . . . 959 
Michael F. Caggiano-AT&T Bell Laboratories 

High Ohmic Value Resistve Inks ................. . ...... . ........ . ......... 964 
Michail Moroz-ELNA Joint Stock Company, Ltd. 

' Session XX. . . . . . . . . . . . . . . Mechanical Modeling/ Simulation 
Chaired by Arturo Cifuentes-IBM Corporation; Erdgan Madenci-University of Arizona 
Crack Initiation and Growth in Electronic Packages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 970 

L. Ileri and E. Madenci-The University of Arizona 
The Importance of Molding Compound Chemical Shrinkage in the Stress 

and Warpage Analysis of PQFPs .............. r ................ • • • • • • • • • • • 
G. Kelly, C. Lyden, W. Lawton and J. Barrett-National Microelectronics Research • 
Centre; A. Saboui-SGS-Thompson Microelectronics; H. Pape-Siemens AG; 
H. Peters-Fico Molding Systems 

Optimal Design of an Inter-Board Strain-Relief for High-Reliability 
Surface Mount Attachment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... .... ... . 
Robert W. Kotlowitz-AT&T Bell Laboratories; Kevin L. Terrell-New Jersey Institute 
of Technology 

977 

982 



Session XX . ................... Mechanical Modeling/ Simulation ( continued) 
Reliability, Lifetime Prediction and Accelerated Testing of Prospective Alternatives 

to Lead Based Solders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 990 
Hareesh Mavoori and Jason Chin-Northwestern University 

Simulation of Three-Dimensional Wire'1ond Deformation During Transfer Molding ..... 999 
A. A. 0. Tay and K. S. Yeo-National University of Singapore; J. H. Wu-Institute of 
Microelectronics, NUS 

Session XXI. . . . . . . . Manufacturing Technology: BGA Process 
Chaired by Connie D'Egidio-IBM Corporation; Tony Suppelsa-Motorola, Inc. 
Effect of Materi~l Properties on the Fatigue Life of Dual Solder (DS) 
Ceramic Ball Grid Array (CBGA) Solder Joints .............................. 1005 
Karl J. Puttlitz, Thomas Caulfield and Marie Cole-IBM Corporation 

Thermal and Electrical Characterization of the Metal Ball Grid Array (MBGA ™) . . . . . . 1011 
Dawit Soloman, Paul Hoffman and George Brathwaite-Olin Interconnect Technologi,es; 
Peter Robinson and Thomas Madelung-Olin Corporation 

Reactions of High Lead Solders with BIOACT® EC-7R™ Semi-Aqueous 
Cleaning Reagent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1016 

C. P. Wong, W. 0. Gillum, R. A. Walters, P. J. Sakach and D. Powell-AT&T Bell 
Laboratories; B. Boomer-Petroferm, Inc. 

Effect of PCB Finish on the Reliability and Wettability of Ball Grid Array Packages . . . . . 1028 
Edwin Bradley and Kingshuk Banerji-Motorola, Inc. 

Impact of PBGA-Ball-Coplanarity on Formation of Solder Joints . . . . . . . . . . . . . . . . . . 1039 
Jian Miremadi- Hewlett-Packard Company 

Session XXII .... Materials for Packaging and Interconnection 
Chaired by Greg Chen-Eaton Corporation; Peter Slota- IBM Corporation 
Polymer/Metal Composite for Interconnection Technology . ....... ....... ........ 1051 

R. F. Saraf, J.M. Roldan, R. Jagannathan, C. Sambucetti, J. Marino and C. 
J ahnes-IBM Corporation 

Temperature Dependent Mechanical Behavior of Plastic Packaging Materials . . . . . . . . . 1054 
Robert Darveaux, Laura Norton and Frank Carney-Motorola, Inc. 

Stable Non-Cyanide Electroless Gold Plating Which Is Applicable to Manufacturing 
of Fine Pattern Printed Wiring Boards . ... .......... . ....... . ....... . ...... 1059 
Takashi Inoue, Setsuo Ando, Hiroaki Okudaira, Jiro Ushio, Akira Tomizawa and 
Hiroko Takehara-Hitachi, Ltd.; Takeshi Shimazaki and Hiroshi Yamamoto-
Hitachi Chemical Co., Ltd. ; Hitoshi Yokono-Nippon Denkai Ltd. 

Palladium Plating: A Lead Free Finish for IC Leadframes . ....................... 1068 
Donald C. Abbott and Douglas W. Romm-Texas Instruments, Inc. 

Reliability Studies of Surface Mount Solder Joints-Effect of Cu-Sn 
Intermetallic Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1073 
Alex C. K. So and Y. C. Chan- City University of Hong Kong 

A Low Cost MCM-D Process for Flip Chip and Wirebonding Applications . ........... 1081 
Eric D. Perfecto, Ronald R. Shields, Raj N. Master, Sampath Purushothaman and 
Chandrika Prasad-IBM Corporation 



Session XXIII ... Telecommunications Opto-Device Packaging 
Chaired by Laurence Watkins-AT&T Bell Laboratories; Martin Groeneveld-
Phillips Optoelectronics Center 
Optical Component Technologies for FfTH Applications ... . . ... . .... .. ... . ..... 1087 

Alan P. McDonna and Brian M. Macdonald-BT Laboratories 
Integrated Fiber Optic Transmitters and Receivers for SO NET/ ATM Applications . . . . . 1092 

Tran V. Muoi-Optical Communication Products, Inc. 
12 x 622 Mb/s Optical Receiver Array Module for Parallel Digital Datalinks . . . ... . ... 1096 

S. Siala-SDL, Inc. ; Y. Dekovic, V. Ramakrishnan, R. Kinter, J. Padilla, 
R. N. Nottenburg and A. F. J. Levi-University of Southern California; 
M. Govindarajan-lndian Institute of Technology 

A New Packaging Technique for an Optical 90°-Hybrid Balanced Receiver 
Using Planar Lightwave Circuits . ...... .. .. . ...... . .. . ......... . ... . ..... 1099 

Hideki Tsunetsugu, Masakaze Hosoya, Seiji Norimatsu, Noboru Takachio, 
Y asuyuki Inoue and Susumu Hata-NTT 

Design of a Compact, High Speed Optical Transceiver Using Two Step Overmolding .. . . 1104 
F. C. J. Anigbo, S. D. Robinson, S. L. Broutin, G. J. Shevchuk and D. Stefanik-
AT & T Bell Laboratories 

Hermeticity Lifetime of a 63Sn37Pb Solder Sealed Optical Fiber Feedthrough . . . . . . . . . 1110 
M. Rassaian, M. W. Beranek and M. Voitek-Boeing Defense & Space Group 

Laser Weld Process Improvements for Optical Isolator Assembly ........... . ...... 1116 
V. T. Kowalski, R. J. Coyle, P. P. Solan and K. M. Hogan-AT&T Bell Laboratories 

Session XXIV . . . . . . . Thermal Simulation & Characterization 
of Electronic Packages 

Chaired by Bahram Afshari-Hewlett-Packard Company; John Prince-University of Arizona 
Thermal Modeling of High Performance Packages in Portable Computers . . . . . . . . . . . . 1122 

Ram Viswanath-lntel Corporation; Ihab A. Ali-Flomerics, Inc. 
Performance Comparison of Thermally Enhanced Plastic (TEP) Packages ........... 1134 

Bill Stearns, Philip B. Simon and Masood Murtuza-Texas Instruments, Inc. 
Development, Validation and Application of a Thermal Model 
of a Plastic Quad Flat Pack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1140 

H. I. Rosten and J. D. Parry-Flomerics Limited; J. S. Addison-Flomerics Inc.; 
R. Viswanath-lntel Corpration; M. Davies and E. Fitzgerald-University of Limerick 

Improved Approximations for Structural Reliability in Thermal Analysis. . . . . . . . . . . . . 1152 
Hector Jensen-Santa Maria University; Arturo 0. Cifuentes-IBM Corporation 

Transient Energy Management Strategies for Portable Systems . .. ........ .. ....... 1161 
L. P. Cao, J.P. Krusius, T. S. Fisher and C. T. Avedisian-Cornell University 

Numerical Simulation of Natural Convection Cooled Electronic Enclosures . .......... 1166 
V. Maudgal-Phillips Technologies ; Y. Joshi-University of Maryland 

Session XXV ................... • Flip Chip Interconnections 
Chaired by Corey Koehler-Motorola, Inc.; Ho-Ming Tong-IBM Corporation 
Area Array Solder Interconnection Technology for the Three-Dimensional Silicon Cube . . 1174 

Wayne J. Howell, Donald W. Brouillette, Josef W. Korejwa, Edmund J. Sprogis and 
Sally J. Yankee-IBM Corporation; John W. Wursthorn-Irvine Sensors Corporation 



Session XXV . ........................ Flip Chip Interconnections ( continued) 
Reliability Investigations of Fluxless Flip-Chip Interconnections 

on Green Tape Ceramic Substrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1179 
Jo_achim Kloeser and Elke Zakel-Fraunhofer Einrichtung FhG I IZM-Berlin; 
Franz Bechtold-Technical University. of Berlin; Herbert Reichl-SIEGERT GmbH 

Reliability and Analytical Evaluations of No-Clean Flip-Chip Assembly. . . . . . . . . . . . . . 1191 
James J. Clementi, Glenn 0. Dearing and Jeffery A. Zimmerman-IBM Corporation; 
Christian Bergeron-IBM Canada Ltd. 

Interfacial Reactions with Lead (Pb)-Free Solders ........... .. ... . ...... . ..... 1197 
R. S. Rai, S. K. Kang and S. Purushothaman-/BM Corporation 

Reflowable Sn-Pb Bump Formation on Al Pad by a Solder Bumping Method . . . . . . . . . . 1203 
T. Ogashiwa, T. Arikawa and H. Murai-Tanaka Denshi Kogyo, Ltd; A. Inoue and 
T. Masumoto--Institute for Materials Research 

Flip Chip Attachment of Silicon Devices Using Substrate Ball Bumping and the Technology 
Evaluation on Test Assemblies for 20 Gbit/ s Transmission!. . . . . . . . . . . . . . . . . . . . . . 1209 
J. Eldring-Technical University of Berlin; K. Koeffers, H. Richter and A. 
Baumgartner-Alcatel ISELA G; H. Reichl-Fraunhofer Institute 

Session XXVI . . . . . . . . . . . . . . . . . . Manufacturing Technology: 
Soldering & Encapsulation Process 

Chaired by Tom Poulin-£. I. Dupont de Nemours Co., Inc. ; Archie Mones-
£. I. duPont de Nemours Co., Inc. 
Solid Type Cavity Fill and Under Fill Materials for New IC Packaging Applications . . . . . 1217 

Satoshi Ito, Makoto Kuwamura, Shinya Akizuki, Kazuhiro Ikemura, Takashi Fukushima 
and Shinichiro Sudo-Nitto Denko Corporation; Tsutomu Nishioka-Nitto Denko 
America 

Organic Coatings and the Challenge No Clean Presents ....... . .. . .............. 1223 
S. Gutierrez and P. Thune-IBM Corporation 

Clean Tablet; Innovation on the IC Packaging Material and Process . . . . . . . . . . . . . . . . 1230 
Kiyoshi Saito, Hirofumi Ohno and Tomohiro Tai:uno--Nitto Denko Corporation; 
Tsutomu Nishioka- Nitto Denko America, Inc. 

Resistance to Soldering Heat by Plastic SMD Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . 1234 
Charles Williams and Gloria Green-Texas Instruments, Inc. 

Flip-Chip Packaging Using PES (Printing Encapsulation Systems) 
and PES Underfill Epoxy Resin . . ... ... .. . . ............. . ........ . . . . . . . . 1240 
Atsushi Okuno, Noritaka Oyama, Koichirou Nagai and Tsunekazu Hashimoto-
Japan Rec Co., Ltd. 

An Investigation of Conductive Polymer Flip Chip Attachment in 
Multichip Module Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1244 
Chris Howard, Suja Nair, Dr. Simon Ang and Dr. Leonard Schaper-University of 
Arkansas 

Analysis of Design of Experiments Used as a Tool to Implement Environmentally Safe 
Cleaning Process in Manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1250 
Kent Jensen and Prasanna Paralkar-Boums Inc. 



Session XXVII. . . . . . . . . . . . . . . . . Novel Photonic Packaging II 
Chaired by Mark Beranek-The Boeing Company; Atsushi Takai-Hitachi, Ltd. 
Optical Performance of Low-Cost Self-Aligned MCM-D Based Optical Data Links . ..... 1254 

M. F. Dautartas, A. M. Benzoni, S. L. Broutin, A. Coucoulas, D. T. Moser, Y-H Wong 
and Y. M. Wong-AT&T Bell Laboratories 

Fluidic Self-Assembly of Silicon Microstructures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1263 
Ashish K. Verma, Mark A. Hadley Hsi-Jen J. Yeh and J. S. Smith-University of 
California 

A Reconfigurable Optoelectronic Interconnect Technology 
for Multi-Processor Networks . .................... . ........ ........ ... .. 1269 
Yin-Chen Lu and Julian Cheng-University of New Mexico; J.C. Zolper and 
J. Klem-Sandia National Laboratories 

Alignable Lift-Off Transfer of Device Arrays via a Single Polymeric Carrier Membrane . . 1274 
John J. Callahan, Rainer Dohle, Kevin P. Martin and Timothy J. Drabik-Georgia 
Institute of Technology 

A Modular Adapter System for Fiber Optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1278 
Wilton W. King and Daniel L. Stephenson-AT&T Bell Laboratories 

Design and Fabrication of Low Noise High Diffraction Efficiency 
Diffractive Optical Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1283 
Walter Daschner, Michael Larsson and S. H. Lee-University of California 

Alignment Tolerancing of Free-Space MCM-to-MCM Optical Interconnects . . . . . . . . . . 1286 
David Zaleta, Susant Patra, Volkan Ozguz, Jian Ma and Sing H. Lee-University 
of Calif omia 



This material may be protected by Copyright law (Title 17 U.S. Code)

Assembly of a Prototype Flip-Chip-On-Glass Liquid Crystal Display 

Fei-Jain Wu 
Micro Robotics Systems, Inc. 
Chelmsford, Massachusetts 

Chang Hoon Lee 
Samsung Display Devices 

Korea 

Karl Loh 
Zymetinc. 

East Hanover, New Jersey 

Abstract --- The authors will discuss the stages of 
development and assembly of a prototype Flip-Chip-On-Glass 
(FCOG) liquid crystal display. The driver IC's were 
mechanically bonded and electrically interconnected using 
anistropically conductive adhesive (ACA). 

In the first phase, test panels were assembled using an 
ultraviolet (UV) curable ACA. Without the benefit of the self­
alignment properties of solder, a high precision pick-and­
place machine was used. A modified MCM/Hybrid die attach 
system was successfully used. Properties of the material will 
be offered along with the necessary process steps and 
conditions. The panels were subject to reliability tests . Results 
of these tests will be offered. In the second phase, glass panels 
for the a prototype display and bumped driver !C's were 
prepared. Design considerations will be discussed. The 
assembly of the prototype display required a machine capable 
of handling a large area panel and capable of radiation 
processing. A new flip chip bonder was designed and built to 
the necessary specifications. Other key requirements for the 
bonder were placement accuracy and force. 

In the assembly of the displays, process difficulties were 
encountered and overcome. Some of these experiences will be 
shared. Suggestions for future enhancement to materials, 
equipment, and process will be offered. 

BACKGROUND 

Liquid Crystal Displays (LCD's) use thin transparent indium 
tin oxide (ITO) traces as the medium for interconnect. These 
ITO traces allow for electrical connections to the liquid 
crystal without obscuring the display segment. In order to 
maintain the integrity of ITO traces, low-temperature non­
solder packaging techniques are required. In the early days, 
ITO traces were connected to the driver circuits through 
elastomeric connectors, or zebra strips. Heat seal connector, a 
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suspension of graphite particles in a thermoplastic adhesiw 
matrix, was developed to address the needs for higher U 
count and finer pitch. Now, with help from advances in wafi 
fabrication, driver circuits are integrated into chips, call 
driver IC's. The trend for down-sizing and the push for ligh 
weight displays called for driver !C's to be located at the 
extremities of the display. TAB-on-glass using ACA's was 
developed.£IJ Driver !C's are inner lead bonded (ILB) to the 
tape carrier. The outer leads of the tape are then outer lead 
bonded (OLB) to the ITO 's on the glass panel through 
Anisotrpically Conductive Film (ACF). Pitches as small as 
70 microns can be achieved. 

However TAB has a mechanical limitations in achieving 
pitches of 50 microns or less. With increasing needs f<1 

higher resolution displays, higher density interconnect 
technology becomes inevitable. Direct mounting of flip chip 
onto glass using ACA's (see Figure 1) became the topic of 
investigation for many Japanese and Korean LCD 
manufacturers and for Government sponsored programs. 

Figure 1 
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nus paper reviews the first two phases of a series of 
ibility studies carried out by three companies: Samsung, 

ymet, and Micro Robotics Systems, Inc.. Studies were 
used on UV curable ACA. The objective was to search for 
reliable and manufacturable FCOG process. Similar to 
ulti-Chip-Module (MCM) technology, major co1'cerns on 

1he availability of Known Good Die (KGD) and on 
·orkability needed to be carefully addressed, esp~cially in 
es of multiple driver IC's per display. These two issues 

will be addressed toward the end of this paper. 

SUBSTRATES AND CHIPS 

Information on the chips and glass substrates used during 
ese two phases of experiments are summarized in Table 1 

111d Table 2. Although ' the target applications are for pitches 
tif 50 microns or less, parts with larger pitch dimensions were 
used so that other issues could be studied and addressed first. 

• g the first phase of experiments, the bumps were made 
f Electroless Nickel. It presented a tighter coplanarity 

requirement to the process equipment due to its hardness. 
Gold plated bumps were used during the second phase of 

riments. There was only one driver IC per glass test 
ard in the first phase. During the second phase, there were 
ur column and three row driver IC's bonded to the same 
totype display. 

Table 1 

Driver IC's and Glass Test Substrates 
for First Phase of Experiments 

Driver IC 
Part Number KS0066 
Die Size, mm 3.97 X 4.55 
Number ofl/O's 80 
Bump Material Electroless Nickel 
Bump Height, microns 
Bump Size, microns 120 X 120 
Pitch, microns 180 

Glass Test Substrate 
Glass Sodalime 
Size, mm 30 X 30 X 1.1 
Conductive Traces ITO 

ADHESIVE 

Anisotropically Conductive Adhesives consist of two major 
mponents : Conductive particles and adhesive. Conductive 

'cles provide conduction in the Z-axis only, when they are 
ssed, along the Z-axis, between two opposing conductors. 
e adhesive maintains a mechanical bond between the die 
d the substrate after it is cured using heat or UV radiation. 

ere are two types of heat-cured adhesives : thermoset and 
ermoplastic. Introduction of heat into the thermoset 

adhesive causes the formation of three-dimensional chemical 
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Table 2 

Driver IC's and Prototype Displays 
for Second Phase of Experiments 

Driver IC Column Row 
Part Number KS0786 KS0789 
Die Size, mm 13.36 X 1.45 13.90 X 1.36 
Number ofl/O's 80 100 
Bump Material Gold Gold 
Bump Height, microns 20 20 
Bump Size, microns 100 X 100 100 X 100 
Pitch, microns 160 130 

Prototype Display 
Glass Sodalime 
Size 8 inches diagonal 
Type 320 x 240 B/W F-STN LCD 
Dot Pitch 0.5mm 
Conductive Traces Chrome on ITO 

bonds that "set" the adhesive permanently. Therefore, using 
thermoset adhesive involves a more tedious rework 
procedure, such as twisting the die from the substrate with 
brutal force. Thermoplastic adhesive, on the other hand, gets 
soft when it is heated. This allows for easier rework 
procedures than thermoset adhesives. 

UV curable adhesive is set by absorbing UV energy. Its 
chemical structure is similar to that of thermoset adhesive. 
Hence, once it is cured, re-softening is not possible. Rework 
with fully cured UV curable adhesive involves removing the 
die with large force. A better rework strategy when working 
with UV curable adhesive was identified and will be 
discussed later. 

Conductive fillers typically have a plastic core, spherical in 
shape, with metal coating on the outside surface. The 
conductive balls deform under force. This compliant nature 
plays an important role in ensuring proper electrical 
interconnections: by compensating for non-coplanarity 
between bond pads on die and on substrate, and by 
compensating for non-uniformity in diameter among 
conductive balls. Conductive balls as small as 5 microns in 
diameter are available. 

The particle loading is defined as the percentage of 
conductive balls in the adhesive by volume. The required 
particle loading is calculated based on pitch, pad size and 
target particle count per pad after die mounting. [Z,

3l Lateral 
conduction caused by over-crowded particles should also be 
considered and avoided. The force needed during bonding is 
directly proportional to the number of conductive balls 
sandwiched between pads. 

ACA's are typically available in either film or paste form. 
Anisotropically Conductive Film (ACF) is typically sold with 
a protective cover on one or both sides of the film. Peeling off 



the protective cover(s) and cutting the film are part of the 
ACF application process. For LCD panels using slim TAB, a 
long strip of ACF is tacked to the glass panel using heat prior 
to mounting the die. For flip chip on glass, it is possible to die 
cut ACF onto the glass panel. 

Paste, on the other hand, needs a different application method. 
Screen printing and stenciling are two prime candidates for 
paste application. Stamping adhesive to the bond site and 
dipping the chip into an adhesive-well are two other 
possibilities. But further evaluations are needed to make sure 
that the process will not agitate adhesives. There is a unique 
opportunity for using UV curable ACA in flat panel display 
applications, because it is possible to cure the adhesive 
through the glass panel. 

Experiments reviewed in this paper were based on Zymet's 
UV curable ACA in paste form. Conductive particles were 7 
microns in diameter. Some other properties of this material 
are summarized in Table 3. The paste application method 
used was stenciling, with adhesive thickness of 25 microns. 
The adhesive was stenciled onto the die sites on the glass 
panels. The shape of the stencil was designed so that bond 
pads at comers of die sites were left uncovered by the paste 
for alignment purposes. 

Table 3 

Properties of Zymet's UV Curable ACA 

Adhesive Type UV Curable 
Cure Condition 15 seconds 
Force During Cure, Kg l* 
Glass transition Temperature, °C 135 
CTE, ppm/°C 

Below Tg 32 
Above Tg 118 

Particle Size, microns 7 
Particle Loading, vol.% 5 

* Force applied to KS0066 driver IC 's. 
Required force will vary with IC design. 

ALIGNMENT METHODOLOGIES 

Various methods have been implemented by equipment 
vendors to provide capabilities in aligning chips to substrates, 
including flip chip bonding. In general, they can be divided 
into two categories : active and passive alignment 
methodologies. [4,

5
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Active Alignment 

The basic concept of active alignment is to bring the 
component close to the target so that the component and the 
target can be processed in the same picture, or field-of-view, 
for further X, Y and 0 corrections. The major benefit of this 
methodology is that one can anticipate final placement 
accuracy before placing the component. For most high 
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precision placement applications, one field-of-view usually 
cannot render enough optical resolution to support the needed 
alignment accuracy. Hence, multiple fields-of-view must be 
considered. Approaches such as multiple optics, split-field­
optics and moving the optics to view multiple areas are some 
ways to achieve multiple fields-of-view. Not all alignment 
problems can adopt this methodology, because obtaining a 
composite picture of both the component and the target may 
not be possible. TAB and FCOG are two of prime candidates 
for using active alignment. 

Passive Alignment 

In contrast to active alignment, passive alignment normally 
involves a set of pre-calibration procedures that establish 
geometrical relationships among system devices : the vision 
system(s), the pick-and-place head, 0-center, etc. All 
subsequent operations use these calibration results, which is 
why this methodology is also called the pre-calibrate4 
alignment technique. Both inaccuracy in calibration and 
system structural instability contribute to the final placement 
error. Unlike active alignment, the final placement accuracy 
of passive alignment cannot be measured prior to placements. 
Most robotic workcells, including machines for surface mount 
technology (SMT), use this alignment methodology because 
of it is easy to implement and has a less complicated image to 
process. It typically provides higher throughput, since parallel 
mechanical motions are possible. 

FIRST PHASE EXPERIMENT 

The first phase of experiments was conducted on a modified 
MRSI-505 : a High Precision Die Attach System (see Figure 
2). 

Figure 2 



This system follows the methodology of passive alignment. A 
four axis robot is the heart of the system. Three axis move in 
the Cartesian coordinates system, : X , Y and Z, and a fourth 
axis provides 0 rotation of the pick and place head, as 
depicted in Figure 3. Two vision systems are integrated in the 
system. The first vision system is mounted on the robot arm 
and ·is looking downward. The purpose of it is t? locate 
alignment features on glass panels. The second vision system 
is fixed to the system frame, and is looking upward for 
aligning flip chips. The relative positions of the vision 
systems and the placement head were determined by going 
through system calibration procedures. 

Figure 3 

Camera #1 

z 

Camera #2 

First phase equipment setup 

Integrated into the pick and place head is a flexure type of 
strain gauge that controls and monitors the final placement 
force. At the time experiments were conducted, the maximum 
force was set at 1 Kg. A UV light source was mounted 
directly underneath the glass panel for curing the adhesive 
right after placement. In our experiments, glass panels were 
presented to the system manually. Driver chips were 
presented through wafflepacks, with chips pre-flipped. The 
placement accuracy of the system was 12 um. 

The automatic operation cycle consists of: 

I. The robot moves the first vision system to several pre­
programmed positions on top of the glass panel to 
determine the placement target. 

2. The robot picks up one chip from the wafflepack with 
bumps facing downward. 

3. The robot presents the chip to the second vision system, 
which determines the chip's XY location and orientation. 

4. The robot make appropriate adjustments in 0, and moves 
the chip to the target in X and Y. 
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5. The robot moves the chip downward to the target chip site. 
Meanwhile, the host computer is comparing the strain 
gauge reading against the programmed target force. Once 
the final force is reached, the robot stops its motion. 

6. The UV light source is turned on to cure the adhesive. 
7. The robot releases the chip. 

Findings 

During the experiments, a visual inspection technique was 
developed to differentiate between good and bad bonds. After 
bonding, conductive balls can be observed through the back 
side of the panel. For a good bond, there is a single layer of 
conductive balls spread between the bond pads of the chip and 
the glass panel. Conductive balls are pressed and deformed 
such that they are flattened on two sides. Using a microscope 
with co-axial illumination to view through the glass, light gets 
reflected back to the eye pieces wherever there is a flattened 
surface on the ball. This technique provided quick and useful 
feedback throughout the experiment. 

Several important factors that affect the quality of the bond 
were identified : 

1. Co-planarity 

Coplanarity between the chip and the glass panel contributes 
significantly to placement accuracy. As the aligned chip 
maneuvers downward to contact the glass panel, non­
coplanarity causes one comer contact first, resulting in a 
lateral kick. Non-coplanarity will also create opens, as the 
amount of non-coplanarity exceeds the compliance of the 
electrically conductive balls in the adhesive. During the first 
phase experiment, co-planarity adjustment was achieved by 
leveling the fixture for the glass panel. The requirement for 
co-planarity was determined to be 1 um over 4.55 mm, or 0.8 
arc minute. It was difficult to meet this requirement through 
mechanical means. Trial and error helped us in setting up the 
system correctly. 

2. Placement force control 

A flexure type of strain gauge is an integral part of the pick 
and place head design. It provides compliance to the head, as 
well as force control. Compliance is needed to insure soft 
initial contact during pick and place operations. A high final 
force is essential to ensure the proper final contact resistance 
between the chip and glass panel. During the first phase of 
experiments, the maximum force the head could deliver was 1 
Kg, which was marginal according to the theoretical 
calculations. Throughout the first phase of experiments, 1 Kg 
force was used. 

3. UV exposure time 

The exposure time required to fully cure the adhesive is a 
function of : 



• The chemical properties of the adhesive 
• The power of the UV light source 
• The transmission media used from the UV lamp to the 

glass panel 
• The distance from the end of the transmission media to the 

glass 

The desired exposure time to fully cure the adhesive was 
determined to be 15 seconds using a EFOS 1 00SS light 
source, which delivers 1.5 Watt/cm2 of light centered at 
365nm. Concern was raised that long exposure time would 
greatly impact the production throughput. A set of 
experiments was designed and carried out to investigate a 
two-step curing process. The first step is to tack the chip to 
the glass panel by partially curing the adhesive. At this time, 
the adhesive was only gelled, but it was still strong enough to 
hold the driver IC in place for electrical testing. The second 
step is a simple off-line cure (post-cure) without applying 
force to the driver IC's. The results were successful. The 
tacking time needed was less than 5 seconds, which was quiet 
a significant improvement. Another possible way to speed up 
adhesive curing time was to use a heated collet. Due to system 
and time limitations, no actual experiments_ were carried out. 

Reliability Test Results 

Standard LCD reliability tests were applied to all first phase 
samples. Conditions of these tests are summarized in Table 4. 

Table 4 

First Phase Reliability Test Conditions 

Test Conditions 
High Temperature Storage 80°C, 500 Hours 
Low Temperature Storage -30°C, 500 Hours 
Moisture Resistance 80°C, 90% RH, 500 Hours 
Thermal Cycle -35°C 35 min. ⇒ 25°C 5 min. 

⇒ 80°C 35 min. 
180 Cycles 

Samples were pull out of testers, at 50 hours (35 cycles), 150 
hours (120 cycles), 300 hours (180 cycles) and at the end of 
the 500 hours, for electrical testing. All samples passed above 
reliability tests at all check points. 

SECOND PHASE EXPERIMENT 

The second phase of experiments was conducted on a new 
piece of equipment, the MRSI-503S-TC (see figure 4), which 
was designed specifically to address issues identified during 
the first phase of experiments. This system follows the 
methodology of active alignment, in which alignment is 
performed with the chip close to the glass panel. An optical 
device that provides both up and down viewing is the heart of 
this system. This optics are positioned between the flip chip 
and glass panel during alignment (see Figure 5). Images of the 
chip and the glass panel are obtained by activating the 
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Figure 4 

Second Phase Equipment 

appropriate light sources. Adjustments are incorporated into 
the tip, the glass panel table and the optics. On the tip, the 
degrees of freedom are X, Y, 8 and Z. The X, Y and 8 are 
used in alignment, whereas Z is used in focusing and 
placement. On the glass panel table, the degrees of freedom 
are X, Y, pitch and yaw. X and Y are for alignment. Pitch and 
yaw are for co-planarity adjustments. The optical device has 
one degree of freedom : Y. The optical magnification is about 
I SOX. It was purposely kept high so as to support high 
accuracy alignment. The mechanisms were carefully designed 
to minimize the number of steps in the alignment procedure. 
The 8 mechanism on the tip is on top of the X and Y 
mechanism, and its center of rotation is pre-calibrated relative 
to the optics. The alignment procedures are as follows : (also 
refer to Figure 6) 

Figure 5 
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Second Phase Equipment Setup 



I. Pick up a chip and slide the optics to the first alignment 
position. 

2. Adjust the chip in XY so that the first alignment mark 
. coincides with the center of rotation. 

3, Adjust the glass panel in X and Y so thaf ·the first 
alignment mark coincides with the center of rotation. 

4. Move the optics to the second alignment position. 
5. Mark the second alignment marks of the glass panel with 

the video micrometer. 
6. Rotate the chip in theta so that its second alignment mark 

is matched with video micrometer. 

Figure 6 

* Vertical line is the center of rotation 
* Two end points of each line on a plane 

represent two alignment marks 

Before alignment~ Adjust chip ~Adjust substrate~ Rotate chip 
in X & Y in X & Y in theta 

Second Phase Equipment Alignment Procedure 

After the two pieces are aligned, push the optics out of the 
way and initiate the bonding process. The bonding process is 
automatic : the Z-axis comes down with the chip, the 
computer monitors the strain gauge reading, and once the 
target force is reached, Z-motion stops. With the force still on, 
the UV light source is turned on to tack the adhesive. At this 
time, the adhesive will be only partially cured so ~hat it has 
enough strength to hold the chip in place. 

This system can provide up to 30 Kg of force, more than 
adequate for Flip-Chip-On-Glass applications. It also has a 
heated collet mounted for speeding up adhesive curing time. 

Results 

Four displays were successfully assembled. The assembly 
records of each display are shown in Figure 7. On the first 
display, several driver IC attachments had to be repaired 
multiple times. Adjustments to coplanarity had to be made 
and other alignment problems had to be accounted for. As 
these adjustments were made, the need for repair was greatly 
reduced. The second and third panels required repair of one 
driver IC each, due to a few electrically open lines. There 
were no failures caused by electrical shorting. The fourth 
display required no repair at all. Figure 8 presents a close up 
ofan attached driver IC on an operating display. 
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Figure 7 
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Figure 8 

Flip-Chip-On-Glass Sample Close-up 

DISCUSSIONS 

Bond pad layout 

The trend for flat panel displays is that the total number of 
connections will keep increasing, requiring finer pitches for 
interconnection. Conventional bond pads are laid out in a 
linear fashion. The size of the bond pads is typically larger 
than the spacing between bond pads so as to maximize the 
effective bond area in case of mis-alignment. However this 
also means that the allowance for mis-alignment is 
minimized. As a result, high accuracy machinery is required, 
which costs more to build, and naturally, requires more 
maintenance. For applications using Anisotropic Conductive 
Adhesive, it is possible to stagger the bond pads to relieve the 
accuracy requirement. 

Autocollimator 

Co-planarity is one of the important factors in building flat 
panels displays successfully using Anisotropic Conductive 
Adhesive. At the time of first and second phase experiments, 
trial and error was the method used in adjusting co-planarity. 
After the second phase, an optical device called an 
autocollimator was designed, fabricated and tested. This 
autocollimator provides guidance for co-planarity adjustment 
by visually displaying pitch and yaw mis-matches between 
chip and glass panel. It should be noted that this 
autocollimator is needed only when setting up the system. 

Active Alignment 

The equipment used during second phase of experiments was 
a general purpose flip chip bonder. Although it was adequate 
to do the job, it is not the ultimate system for the flat panel 
display industry. The ultimate machine should use the true 
active alignment methodology : keeping chip and glass panel 
as close as possible during alignment. The MRSI-503S-TC 
can be readily modified by re-mounting the optics underneath 

680 

the glass panel. The optics would look through the glass to see 
the ITO's on the top surface of the glass, while the chip is just 
above the glass. As a result, the alignment patterns from both 
the chip and the glass panel would be visible simultaneously. 
This method would eliminate the importance of system 
calibration, making the system easier to maintain. 

Reworkability 

Because of the two-step UV curing process, driver !C's can 
be easily removed, and the glass surface can be easily 
cleaned. This is a reworkable process. The purpose of 
functional testing in the proposed process is two-fold: (I) to 
validate the die mounting process, and (2) to test the driver 
!C's. The availability of known-good-die is still one of the 
major issues being worked on by chip suppliers. Meanwhile, 
any substrate that contains multiple chips must be concerned 
with the implications of running a process without known­
good-die. The fact that functional testing can also be 
considered as confirmation of the driver IC 's integrity is a 
crucial factor for LCD manufacturers to evaluate. 

Proposed UV Curable ACA Process Flow Chart 
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CONCLUSION 

The developmental efforts described in this paper were 
suc·cessful. A reworkable flip-chip-on-glass process using UV 
curable ACA paste was successfully developed and verified. 
The major advantages are reworkability, a short systerp cycle 
time, and relief from the burden in obtaining known-good-die. 
Future enhancements to the equipment and the process were 
proposed, and some of them have already been implemented. 
Although studies were based on ACA in paste form, the same 
technology could easily be adopted to ACA's supplied in film 
form. 
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